Generalization of Conscious Fear extremes serving as CS+ and CS-, and the intermediary size rings serving as generalization stimuli (GS). Consistent with the result of reduced discrimination between CS+ and CS-, panic patients and generalized anxiety disorder (GAD) patients showed fear response to significantly broader range of rings than healthy participants, as reflected by startle electromyography (EMG) [7, 15] . These studies suggest that overgeneralization of conditioned fear is a pathogenic marker of anxiety disorder, and understanding fear overgeneralization process is critical for the treatments of anxiety disorders [7, 15] .
Emotional process involves both conscious feeling and change of physiological responses [16] . Although fear conditioning studies including fear generalization have focused predominately on defensive physiological responses, which were assessed as fear, "fear" Fig. 1 . Experimental design. (A) Sample scene images used in the experiment. Natural scene images from continuously changing seven categories served as conditioned stimuli (CS+), unpaired conditioned stimuli (CS-), and generalization stimuli (GSs). The seven categories were sandy desert, gravel desert, vegetated desert, grassland, mountain, forest, and swamp. Participants were counterbalanced into two groups. For half of the participants (Group 1), scenes of the sandy desert category were paired with US, while scenes of the swamp category were paired with US for the other half (Group 2). (B) The experiment was conducted for two consecutive days. On the first day (Day 1), participants were introduced to the familiarization, pre-learning test, and learning sessions, and they performed post-learning test on the next day (Day 2). During the familiarization, scene images of all seven categories and US were presented in random order. During the learning, only scenes from the CS+ and CS-categories were presented, and half of the CS+ presentations were co-terminated with US. During the pre-learning or post-learning test, participants rated the subjective feeling or US-expectancy for each scene on a 1~5 scale while each scene image was presented. ITI, intertrial interval. usually refers to the subjective awareness of being afraid (conscious feeling of fear) in our daily life. Moreover, clinical studies have reported that anxiety disordered patients are suffering from the subjective feeling of heightened fearfulness [17] . Thus, not only physiological responses but also conscious feeling of fear should be taken into account in order to fully understand fear overgeneralization observed in the anxiety disordered patients. However, it has not been directly validated whether conscious feeling of fear can be generalized to similar contexts and whether this generalization depends on anxiety level. Although some emotional theories suggest that the conscious feeling is sequentially linked to the physiological responses [16, 18] , others argue that the conscious feeling and the physiological response are parallel [16, 19] , which implies the physiological responses are not directly responsible for the conscious feeling and vice versa. Further, both theories do not clearly support that the extent to which the conscious feeling changes depends on the change in the physiological response. In addition to the emotional process, the fear generalization studies also measured the explicit knowledge of the relationship between CS+ and US [7, 15] (Emotional process is not always consistent with the explicit knowledge about the emotional event. For example, sometimes we feel fear in the dark room even when we know that nothing is going to happen). While Lissek et al. [7, 15] showed overgeneralization of US expectancy in panic or GAD patients, overgeneralization of US expectancy was not observed in other studies with GAD patients [20, 21] . Thus, the effect of anxiety on the generalization of the explicit knowledge is controversial.
To directly investigate the effect of anxiety on the generalization of conscious feeling of fear, we developed a fear generalization paradigm based on natural scene image stimuli, which are a simplified version of the real complex contexts (Fig. 1) . The scene image stimuli consisted of images from continuously changing seven categories (Fig. 1A) . The scene images from one extreme category served as conditioned stimuli (CS+), the images from the other extreme category were safety stimuli (CS-), and the images from intermediate categories were used as generalization stimuli (GSs). Here we focused on the effect of individual anxiety level in nonpatient participants, and assessed the relationship between subjective rating of conscious fear and individual anxiety level. We find that conscious feeling of fear transfers to the GSs that are close to the CS+, and progressively decreases as the tested stimulus becomes less similar to the CS+. This generalization of conscious fear shows significantly positive correlation with the individual anxiety states. In addition, although anxiety and depression often occur together [22, 23] , the level of individual depression is more related to the strength of conditioned fear for CS+, but not to fear generalization.
MATERIALS AND METHODS

Participants
21 participants (11 females) with a mean age of 23.29 (SEM=0.80) participated in the experiment. All of them were native Korean speakers and right-handed. All participants provided written informed consent for the procedure in accordance with protocols approved by the KAIST Institutional Review Board.
Stimuli o ) were viewed via a monitor (1024×768 resolution, 60 Hz refresh rate).
Experimental procedure
The experiment was conducted for two consecutive days in a sound attenuated room where participants completed each of the learning and test sessions individually (Fig. 1B) . On the first day (Day 1), participants were introduced to the familiarization, prelearning test, and learning sessions, and they performed post- (Fig. 1B) .
During the familiarization session, 21 scene images of all seven categories (three scenes per each category) and two scream sounds that were different from US sounds were presented in random order. During this session, each scene or each scream sound occurred in 2 trials, for a total of 46 trials. On each trial, participants saw 2 s presentation of a scene image or heard a 1.3 s long scream sound. The inter-trial interval was 12 s.
During the pre-learning and post-learning tests, participants first rated the expectancy that the US would follow each scene (USexpectancy) on a 1~5 scale (1, very likely; 2, likely; 3, not sure; 4, unlikely; 5, very unlikely). Next, they also rated their subjective feeling to each scene from the seven categories on a 1~5 scale (1, very unpleasant; 2, unpleasant; 3, moderate; 4, pleasant; 5, very pleasant). In both ratings, they were instructed to press 1, 2, 3, 4, or 5 within 5 seconds with their right hand while each scene image was presented (Fig. 2) . The inter-trial interval was 350 ms. The learning session was presented in 2 runs consisting of 48 tri- als. On each trial, a scene image from the sandy desert or swamp category was presented for 2 s with a 12 s inter-trial interval. For half of the participants (Group 1), scenes of the sandy desert category were paired with US, while scenes of the swamp category were paired with US for the other half (Group 2) (Fig. 1A) . Thus, for the participants of Group 1, scenes of the sandy desert category were CS+ and scenes of the swamp category were CS-, while scenes of the swamp category were CS+ and scenes of the sandy desert category were CS-for Group 2 participants. Category 1 indicates CS+ scene category, and category 7 indicates CS-scene category. Scenes from the category 2, 3, 4, 5, or 6, which served as GSs, were used in the familiarization, pre-learning test, and postlearning test sessions, but not during the learning session. Half of the CS+ presentations were co-terminated with 1.3 s long US (aversive female scream sound).
Depression and anxiety level
Before beginning the experimental sessions, participants completed K-BAI (Korean version of Beck Anxiety Inventory) and K-BDI-II (Korean version of Beck Depression Inventory) questionnaires (www.koreapsy.co.kr). BDI and BAI are self-report inventory created by Aaron T. Beck for measuring the severity of depression and anxiety [25, 26] . Each consists of 21 questions of multiple choice. BDI scores in range 0~9 indicates minimal depression, 10~18 indicates mild depression, 19~29 indicates moderate depression, and 30~63 indicates severe depression. BAI scores in range 0~9 means minimal anxiety, 10~16 means mild anxiety, 17~29 means moderate anxiety and 30~63 means severe anxiety.
Fear generalization analyses
To measure the degree of fear generalization, we derived the maximum category number of scenes for which the participants rated as score 2 ('unpleasant'), In the case when score 2 was never rated throughout the post-learning test session, the maximum category number of scenes rated as score 1 ('very unpleasant') was derived. We defined this maximum category as category threshold. Among 21 participants, 6 participants rated feeling score above 2 for all scenes. So, for the analysis of the category threshold for the subjective feeling, we focused on the scores from the other 15 participants (Fig. 3A and D) . We also derived category threshold for US-expectancy. Because 1 participant rated US-expectancy score above 2 for all scenes during the post-learning test, we used Fig. 4A and D) . Additionally, based on the rationale that a participant with broader fear generalization may show more negative change of scores in the subjective feeling or US-expectancy for the least similar GS with the CS+ after learning, we also measured the change of subjective feeling scores or US-expectancy scores to the scenes of category 6, which is the last category of GS, as an indicator of fear generalization ( Fig. 3 and 4) . For this analysis, all participant data was used.
Statistical analyses
To compare subjective feeling or US-expectancy scores with basal level (score 3), or to test the difference between post-learning and pre-learning scores, we conducted paired t-tests (two-tailed). Non-parametric Friedman tests (tests of within-subjects effects) were used to determine statistical significance of scene category effect with the assumption that the scores represent an ordinal scale. For correlation analyses, Spearman correlation was used. Statistical analyses were conducted using MATLAB, and SPSS.
RESULTS
Generalization of fear memory
To measure the conscious feeling of fear to each scene image, we asked participants to rate their subjective feeling on a 1~5 scale (1, very unpleasant; 3, moderate; 5, very pleasant) before (pre-learning test) and after (post-learning test) learning (Fig. 1A) . Additionally, the participants were also requested to rate US (scream)-expectancy to each scene on a 1~5 scale (1, very likely; 3, not sure; 5, very unlikely) to determine explicit knowledge of the association between scenes and scream. The scores of both ratings were averaged across the three scenes of each category.
The change in subjective feeling induced by fear conditioning was derived by subtracting the feeling scores during the pre-learning test from the scores during the post-learning test (Fig. 1B and  2A ). The change of the feeling scores to the CS+ category (category 1) scenes was significantly negative (t (20) =-3.635, p<0.005, twotailed), indicating that unpleasant feeling to CS+ category scenes significant induced by fear learning (Fig. 2A) . The change of feeling scores to CS-category scenes was comparable to zero (t (20) =1.117, p=0.277, two-tailed) ( Fig. 2A) . Moreover, we found gradual change of scores from category 1 to 7 ( Fig. 2A) . The feeling scores to the (20) =1.724, p=0.100, two-tailed) ( Fig. 2A) . A Friedman test with scene category as within-subject factor revealed the significant effect of scene category on the change of subjective feeling (χ 2 (6, N=21) =21.841, p<0.005). These results suggest that the participants successfully learned the conditioned fear, and that the unpleasant feeling induced by fear conditioning to CS+ can be generalized to closer category scenes.
In the change of US-expectancy, we also found significantly negative scores to CS+ scenes (t (20) =-5.452, p<0.001, two-tailed) whereas the scores were significantly positive to CS-scenes (t (20) =4.963, p<0.001, two-tailed) (Fig. 2B ). This means that the participants expected the occurrence of US when they saw CS+ scenes while they anticipated no scream in the presence of CSscenes. Moreover, the participants did not expect the occurrence of US when the category 5 and 6 scenes were presented after learning (category 5: t (20) =3.201, p<0.005; category 6: t (20) =4.958, p<0.001, two-tailed). In addition, a Friedman test revealed statistical significant effect of scene category on the change of USexpectancy (χ 2 (6, N=21) =48.053, p<0.001). Although the change of feeling to category 2 and 4 scenes was significantly negative ( Fig.  2A) , there was no change of US-expectancy to the same category scenes (category 2: t (20) =-0.581, p=0.568; category 3: t (20) =0.474, p=0.640; category 4: t (20) =1.037, p=0.312, two-tailed) (Fig. 2B) , suggesting that negative feeling can be generalized even when the likelihood of US occurrence is not clear.
In the subjective feeling or US-expectancy scores during the prelearning test, a Friedman test did not show any significant effect of scene category (χ 2 (6, N=21) =7.240, p=0.299, for subjective feeling scores; χ 2 (6, N=21) =9.925, p=0.128, for the US-expectancy scores), although there was slight preference for the scenes of category 3 (two-tailed t-test compared to score 3, t (20) =2.515, p<0.05) and 4 (t (20) =3.568, p<0.05) in subjective feeling scores, and for the category 4 in US-expectancy scores (t (20) =2.156, p<0.05) (Fig. 2C and  D) . We also examined the scores during the post-learning test. Consistent with the change of subjective feeling and US-expectancy, the scores during the post-learning also gradually increased from the category 1 to 7 for both feeling and expectancy ( Fig. 2E  and F) . A Friedman test with scene category as within-subject factor revealed the effect of scene category in subjective feeling (χ 2 (6, N=21) =32.186, p<0.001) and US-expectancy (χ 2 (6, N=21) =67.776, p<0.001). The average feeling score to the CS+ scene category (category 1) was significantly below 3 (neutral) (t (20) =-3.191, p<0.005, two-tailed), indicating significant unpleasant feeing to CS+ scene category (Fig. 2E) . For the category 5, 6, and 7, the feeling scores were significantly greater than score 3 (category 5: t (20) =2.834, p<0.05; category 6: t (20) =2.343, p<0.05; category 7: t (20) =3.190, p<0.005, two-tailed) (Fig. 2E) . In addition, the average USexpectancy scores were also significantly lower than 3 for the CS+ category (t (20) =-7.623, p<0.001, two-tailed) and higher than 3 for the category 4, 5, 6, and 7 (category 4: t (20) =2.256, p<0.05; category 5: t (20) =6.725, p<0.001; category 6: t (20) =7.703, p<0.001; category 7: t (20) =6.200, p<0.001, two-tailed) (Fig. 2F) .
Correlation between the generalization of conscious feeling of fear and anxiety level
Anxiety patients show overgeneralization of conditioned fear [27] . To determine whether generalization of conscious feeling induced by fear conditioning depends on anxiety level generally in nonpatient participants, we derived the maximum category number of scenes for which the participants rated as score 2 ('unpleasant'). We defined this maximum category as category threshold (see details in Materials and Methods). To estimate individual anxiety level, we asked participants to answer to BAI questionnaire, and they all showed normal range of BAI scores, which is less than 15 (Fig. 3) . We found that the category threshold was positively correlated with BAI scores (r=0.498, p=0.029, Spearman) (Fig. 3A) . Thus, the participant who has the BAI score higher felt unpleasant for the scenes of the broader category. A participant with broader fear generalization may show more negative change of scores in the subjective feeling for the least similar GS with the CS+ after learning. Thus, we additionally examined whether the change of subjective feeling score to scene category 6, which is the last category of GS, is correlated with BAI scores of the participants. Consistent with the category threshold data, we found negative correlation between the change of subjective feeling to the category 6 and the BAI scores (r=-0.565, p=0.004, Spearman) (Fig. 3B) . This result supports the category threshold data (Fig. 3A) , indicating that the participant with the higher BAI score feels worse for the category 6 scenes, which are least similar to the CS+ scenes in GSs, after learning. This negative correlation was pronounced in the change of subjective feeling rather than the feeling scores to the category 6 during post-learning test (Fig. 3C) .
Because anxiety disorders and depression frequently co-occur [22, 23] , we also examined the correlation between individual depression level with the category threshold, the change of feeling to the category 6, and the subjective feeling to the category 6 scenes during the post-learning test (Fig. 3D~F) . However, there was no significant correlation between them (Fig. 3D~F) . In addition, we did not find any significant effect in the same correlation analyses 
Generalization of Conscious Fear
involving US-expectancy for both anxiety and depression levels (Fig. 4) . These results suggest that generalization of fear feeling depends on general anxiety level but not depression level. Moreover, this dependency was pronounced in the subjective feeling but weak in US-expectancy.
Correlation between the strength of conscious feeling of fear and depression level
Given the possibility that fear discrimination is related to the strength of fear conditioning [28, 29] , we additionally examined the correlations between subjective feeling to CS+ category (category 1) scenes and BAI scores as well as BDI scores (Fig. 5) . Whereas either the change of feeling to the category 1 scenes or the feeling to the category 1 scenes during the post-learning test was not significantly correlated with the individual BAI scores (Fig. 5A and 5B), there was significantly negative correlation between the change of feeling and BDI scores (r=-0.379, p=0.045, Spearman) or between the feeling to the category 1 and BDI scores (r=-0.482, p=0.013, Spearman) ( Fig. 5C and 5D) . Thus, the participant with a higher BDI score felt worse feeling to the CS+ category scenes after learning. The significant correlation was not observed between the BDI scores and US-expectancy for CS+ scenes (Fig. 6) . Thus, these results suggest that the strength of fear feeling induced by fear conditioning was mainly related to the individual depression level.
DISCUSSION
Our findings demonstrate that conscious feeling of fear induced by fear conditioning can be generalized to similar contexts, and that this generalization depends on the individual anxiety level in nonpatient participants. Additionally, while the strength of fear conditioning is positively correlated with the individual depression level, the degree of fear generalization in subjective feeling does not depend on the individual depression level.
Despite conscious feeling of fear is directly related to the suffering of the anxiety patients, most studies have focused on the defensive physiological responses but little on the conscious feeling of fear. Our results provide evidence for generalization of conscious fear. Combined with the results of prior studies [7, 15] , our findings suggest that not only generalization of defensive physiological responses but also generalization of conscious fear depends on the individual anxiety level. Future work is needed to understand how the process underlying generalization of conscious fear interacts with the process underlying generalization of defensive physiological responses.
Previously, Lissek et al. [14] developed a paradigm of fear generalization using rings of gradually increasing size, and showed generalization of conditioned fear-potentiated startle. Consistent with this, our results showed that conscious feeling of fear can be generalized to similar contexts with CS+. For this, we used natural scene images as CSs (CS+ and CS-) and GSs for the fear conditioning and fear generalization testing. This scene-based paradigm provides an experimental condition that is close to real-world context. Moreover, this paradigm provides useful tool to investigate whether conscious fear memory including conscious feeling as well as explicit knowledge about the US-CS association can be generalized to semantically similar contexts even when physical properties of images are quite different. Prior studies have reported that anxiety patients show reduced discrimination between CS+ and CS-in the typical fear conditioning [10, 11] . In addition, the similar impairment of discrimination was observed in anxiety-prone people [30] . Lissek et al. [7] using fear generalization paradigm with gradually changing rings showed overgeneralization of conditioned fear in anxiety patient compared to normal controls. Thus, these results suggest that the patients with anxiety problems show broad range of generalization. Our results extend these prior data, showing that the degree of fear generalization depends on individual anxiety level even in nonpatient participants. Thus, our data suggests that fear overgeneralization observed in anxiety patients is not a distinctive feature of the anxiety patients, but is a result of a general phenomenon dependent on anxiety level. For a future study, it will be interesting to investigate our finding can be applied to both trait anxiety (anxiety level as a personal temperament) and state anxiety (anxiety about an event) [31, 32] .
While generalization of subjective feeling was correlated with the anxiety level, the correlation between the US-expectancy and the anxiety level was weak (Fig. 4A~C) . This may be due to different degree of fear generalization between subjective feeling and USexpectancy. The participants were unpleasant to the scenes that are in close category to CS+ even when they are not sure the occurrence of US ( Fig. 2A and B) . The low gradient across the scene categories in the change of subjective feeling compared to the change of US-expectancy may result in more sensitive reflection of the individual anxiety level. Future studies are needed to investigate why fear generalization is pronounced in the subjective feeling.
Given that depression frequently co-occurs with anxiety disorders [22, 23, 30] , the individual depression level might be also correlated with the degree of fear generalization. However, we did not find any significant relationship between the depression level and generalization of subjective feeling or US-expectancy ( Fig. 3D~F  and 4D~F ). Indeed, consistent with our results, other studies have reported that depression patients or depression-prone persons showed enhanced CS+ conditioning in skin conductance response [28, 30] . It will be interesting to further investigate the neural substrates underlying differential phenomenon between anxiety and depression levels in relation to fear generalization. 
Generalization of Conscious Fear
In conclusion, the present results show that subjective feeling of fear is generalized to similar context, and this generalization depends on individual anxiety level but not depression. These results provide evidence supporting that generalization of the conscious feeling induced by fear conditioning generally depends on individual anxiety level.
